With a sustained period of economic growth, rapidly growing populations and with more diversified economies Africa need sustainable development; hence the greater need for massive investments in energy. Sub-Saharan countries such as Djibouti have the potential and ability to harness their natural ventilation as a passive cooling system for designing new houses. The rapid expansion of the Djibouti city is affecting negatively the environment and the safety and comfort of its inhabitants. Proper atmospheric urban planning and management are key to making cities environmentally friendly and sustainable. Based on energy consumption, climate conditions in Djibouti and numerical analysis using Computational Fluid Dynamics (CFD), it is apparent that the natural ventilation creates a thermally comfortable indoor environment in buildings during the cool season of the year. Measured wind data from two measurement systems are presented and discussed. Statistical analyses, wind rose, Weibull distribution were carried out to understand the natural ventilation characteristic, which is used for evolving the basic criteria for economic viability of building in the semi-arid climate of Djibouti. The study found that it is possible to benefit from natural ventilation in buildings during the cool season of the year.
Introduction
 Nowadays, all developing and developed countries are subject to three major constraints that require them to define an energy transition strategy: the higher hydrocarbon price; the needs of their energy security; climate change which negatively affect environment and inhabitant safety and comfort [1] [2] [3] [4] .
A few researches have been undertaken on bioclimatic design [5, 6] in the last twenty years, and many recent research projects have been concerned with natural ventilation [7] [8] [9] such as indoor air quality and thermal comfort [10, 11] in the context of ventilation. Bruce J.M. [12] presented a generalised neutral height-based theory for natural ventilation through multiple openings in one wall. Axleyand Emmerich [13] proposed a method for assessing the suitability of natural ventilation in buildings.
For this paper, the main objective is to investigate the integration of the natural ventilation potential under local climate by considering one of the buildings of the University of Djibouti. The building was chosen because the local weather station is fitted on its roof. Accordingly, this work presents the first natural ventilation potential analysis in the Republic of Djibouti, based on satellite estimates and local weather station data through CFD simulations analysis from January to December 2015. Wind-rose diagram and Weibull distribution regarding the building are discussed in subsequent sections. Short analysis of the airflow simulation using CFD was, finally, exposed.
Energy Consumption Context in Djibouti
Djibouti has no conventional energy resources and depends totally on the outside for energy supplies D DAVID PUBLISHING [14] [15] [16] [17] [18] However in cool season, it should be possible to dispense with cooling by improving natural ventilation and thermal quality of buildings.
Air flow Simulation

Principles and Elements of Natural Ventilation
Wind is a natural phenomenon that involves the flow of a fluid (ρ = 1.225 kg/m 3 ) at a certain velocity.
Since the studied structures are found in atmospheric boundary layer, the air flow is turbulent. In atmospheric boundary layer, the average wind speed profile is not constant. Several models [24, 25] take into account the variation of the average speed based on altitude. The most common are the logarithmic profile which is given by following equation Eq. 1.
(1)
Where U(z) is the wind speed at a height z above the ground, k r is the Von Karman constant, U ref is the wind speed at the reference height and z 0 , the aerodynamic roughness length.
The airflow simulation, in this work, is then based on the inlet conditions of the computational domain including modelling of flows in the urban boundary layer. Indeed, the computational domain is part of the urban boundary layer and must reproduce at best the soil roughness. Therefore, it was necessary to use local data of the site.
Due to the density and spaces between the university's buildings, the wind on the site was considered a class 3 of Eurocode (z 0 = 0.5 m and k r = 0.22), regardless of its direction according to the standards NF 1991 action of the wind and National.
The inlet conditions are defined through a user-defined function that ensures the flow dynamics (velocity profile) and considers the turbulent characteristics of the boundary layer with a RANS-k-epsilon (Reynolds-average Navier-Stokes) model [25] .
Natural ventilation is the movement of air through specific openings resulting from the natural forces produced by temperature differences and wind. Where thermal or buoyancy forces are present during the cooler season, the wind is the main ventilation force. Wind speed and direction, design and location of outlet and inlet openings determine the rate of ventilation volume. Natural ventilation differs from mechanical ventilation (air conditioner); the latter requires a mechanical energy input to produce the pressure differential necessary to produce air flow. This study will mainly deal with the wind effect because it is concerned with the optimization of building orientation for better winter ventilation [26] .
The flow of air around a building caused by wind creates pressure gradients between surfaces i.e. transfer of dynamic pressure into static pressure head. Essentially, the wind velocity determinates the magnitude of the pressure exerted on the exterior of a building.
It is necessary to confirm that the incoming air could sufficiently ventilate the building. As a result, CFD simulations provide data on the airflow features of the envelope, leading to better understanding of the ventilation conditions in its interior.
CFD Description
To better meet the objectives of the study, one of the buildings of the University of Djibouti was selected as shown in Fig. 3 . This pioneering work provides an overview of the natural ventilation potential using CFD in order to make a major contribution to the development of energy efficiency in Djibouti.
CFD is a known computational method to study single and multiphase in laminar or turbulent flow. ANSYS Fluent 14.5 software was used in the present simulations. The differential expressions of the Navier-Stokes equations for momentum, energy and mass balances were solved by the control volume approach [27] . 304 Natural v difference in greater. Con original geo benefit from extraction op of roof. Con located in th
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The CFD from the Ea from the Ea Initially the external fres At t = 2 min, the fresh air is diffused. It refreshes the initially present air. It is observed indeed that the red area of 30 °C greatly reduces. At t = 10 min, the fresh air has brought down the temperature on the entire surface. The contours are blue to light green; so the refreshing air is important. And finally at t = 20 min, the contours are blue (25 °C). The entire surface is refreshed. This simulation shows that the fresh air fills the building quickly when the natural ventilation is active. The temperature of the inside air will be equal to the outdoor temperature. There circulation of air inside the volume in Fig. 7b shows that the fresh air circulates throughout the volume. No dead spaces are identified. In addition, the air velocity peaks near the fresh air supply with 5.26 km/h and the mean velocity is at 0.68 km/h. Heat exchange by convection is promoted by a recirculation of the air in the entire volume. This point refreshes the thermal mass as a whole, which contributes to the effectiveness of natural ventilation.
These results help and guide a country like Djibouti to optimize technical and architectural solutions maximising natural ventilation potential.
Conclusions
Natural ventilation is an alternative and sustainable approach to make use of passive cooling in buildings. This paper presented, on the basis of the local climate at the University of Djibouti, a numerical analysis using CFD to achieve ideal internal conditions for building in cool season. The techniques of CFD are expected to improve and contribute in design and analysis of more complex natural ventilation scenarios. There were some limitations to the study. The study remains theoretical and the results are location dependent. The implications of these data regarding energy are potentially intriguing. To make best of this explorative study, the concept of natural ventilation in hot climate must be extended and coupled with the economic and energy consumption parameters. In the current local regulatory environment and energy economics of the republic of Djibouti, it is too far to think about the application of natural ventilation.
Human being spends 80% to 90% of their time in their homes or in enclosed spaces. The Bioclimatic design is essential for several reasons:
 Provide thermal comfort and create a feeling of freshness inside buildings.
 Provide the comfort and hygiene of buildings. Poor air quality and thus poor ventilation may cause damages such as headaches, fatigue, and breathing difficulty for occupants.
 Eliminate excess humidity, bring fresh air, and thus supply oxygen needs.
 Reduce the energy consumption of buildings to low levels.
To develop natural ventilation in Djibouti, this study is a first step of the bioclimatic design using CFD software. This study will be in Djibouti, an example of environmentally responsible architecture that points to certain visionary technological possibilities. The results of this study can be considered applicable to most of the countries and regions, which have similar climatic conditions.
